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Abstract : The article presents a comparative study of effort and strain state of a rigid 
road structure (concrete cement pavement), rehabilitated (reinforced) in two ways: 
-  full milling of  the concrete slabs followed by a reinforcement with layers of crushed stone 
and asphalt concrete. 
-  cracking the concrete slabs and  covering them with layers of crushed stone and asphalt 
concrete. 
The purpose of this article is to present and compare the two modes of intervention on 
cement concrete road structures, so that the rehabilitated system will behave properly in service. 
This study also offers design engineers an image and potential solutions for intervention when 
dealing with these types of structures.   
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1.  INTRODUCTION 
 
The  rehabilitation  (reinforcement)  of  the  road  sectors  paved  with cement  concrete 
generally raises problems for the design engineers. The problem is that concrete slabs (with 
dimensions of 6m x 3m) have a rigid body behavior and any rotation thereof, or loss of load 
bearing capacity (ruptures and / or dislocations of the slab) cause a surface degradation of at 
least 18-20 sqm with consequences on the traffic flow on that road section. The rehabilitation 
of these structures commences when the degradations are relatively pronounced (over 15% 
degraded surface), or when the road is bounded at the ends with sectors of elastic pavement, 
that  are  about  to  be  rehabilitated.  As  it  is  known,  degradations  arise  from  the  increased 
number of vehicles (usually heavy  vehicles) and increase of the axle load. The increased 
traffic  values  overlap  adverse  weather  conditions,  and  sometimes  uncorresponding 
maintenance of the drainage and sewage devices, leading to important ground deformations 
(due to moisture). This produces, under  traffic, dislocation or tears of the concrete slabs. The 
degradations that occur are transmitted through the road up to the surface layers and thus 
cracks or ruts will occur in the road surface.                                    
This  article  complements  article  number  1,  which  presents  the  way  in  which  the 
solution for rehabilitation is chosen, in terms of costs, environmental issues and duration of 
execution, and aims to provide a comprehensive analysis on  how to achieve a sustainable 
rehabilitation  of  a  road  sector,  taking  into  account  all  the  aspects  that  contribute  to  its 
achievement. 
 
 
2.  THEORETICAL OVERVIEW OF THE PROBLEM AND RESULTS 
 
In Romania the dimensioning of semi-rigid and elastic road srtuctures is done 
according to Norm PD 177/2001. To use the calculation method provided in this normative 
the structure must be transformed into a flexible or semirigid structure.   Fiabilitate si Durabilitate - Fiability & Durability    No 1/ 2012 
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The rigid road structure usually has two layers: one consisting of ballast and the other 
is a cement concrete pavement. 
The flexible road structure has only layers made of granular material(ballast, crushed 
stone) and asphalt. Transforming the rigid structure in a flexible one is achieved by milling 
the concrete slabs, and the resulting material, suplemented with fillers is laid on the road and 
compacted  in order to fit into the design thickness.  In order to increase the bearing capacity 
of the road structure, new layers of granular material and asphalt are laid over these layers. 
Semi-rigid  road  structure  -  implies  the  existence  of  a  layer  of  granular  material 
stabilized with hydraulic binder (cement) or pozzolanic (thermal plant ashes) in a ratio of (4-
6)%. Transforming the rigid structure in a semi-rigid is achieved by hammering the slabs 
(with a drop hammer or ram mounted on a bulldozer or excavator). After the blows the slab 
only cracks so it it is considered to have a semi-rigid like behaviour in service. 
 
 
 
 
 
 
 
 
 
 
Fig 1 –Road structures proposed for analysis. 
     
 
Calculation assumptions 
Axle load - 11.5 to (115 KN) 
Contact pressure - 0.625 MPa 
Contact surface radius - 0.171 m 
According to PD 177-2001 Norm the road structure is assimilated with a multilayer 
medium (with max 5 layers) and each layer is considered a solid, homogeneous, isotropic and 
horizontally infinite plane with finite thickness, placed on a linear elastic medium. 
Using the equation of equilibrium of the plate under the action of traffic loads, and the 
relationship between strain and effort we obtain by means of the CALDEROM  program the 
following elements: 
r   - specific tensile strain at the base of the asphalt layers 
r   - unitary radial effort at the base of the stabilized layers 
r   - specific vertical compressive strain at the ground level 
With these elements we can compute: 
4.Hammered slab
3.Crued stone
2.Binder course
1.Surface course
4.Milled slab
3.Crushed stone
2.Binder course
1.Surface course  Fiabilitate si Durabilitate - Fiability & Durability    No 1/ 2012 
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a)  Fatigue degradation rate 
RDO (FDR)= 
allowed
c
N
N
     where                    (1)   
Nallowed = 4,27x10
8 x ( r  )
-3.97 for a traffic more than 1.0 million standard axles (m.s.a)  
Nallowed = 24,5x10
8 x ( r  )
-3.97 for a traffic less than 1.0 million standard axles (m.s.a) 
Nc  –  estimated future traffic  
The value of FDR must be less than 0.9 for National roads and streets and less than 1.0 for 
County roads and communal roads.          
b)  Unitary radial effort at the base of the stabilized layers 
    r  ≤ r  allowed                                    (2)                         
r  – results from calculation 
r  allowed =Rt(0,6-0,056log(Nc))                              (3)               
Rt – tensile strength of stabilized natural aggregates. 
c)  The specific vertical compressive strain at ground level 
    z  ≤ z   allowed                                                  (4)            
v   allowed = 329Nc
-0.27  for a traffic more than 1.0 million standard axles (m.s.a) 
v   allowed = 600Nc
-0.28  for a traffic less than 1.0 million standard axles (m.s.a) 
  All this calculation methodology is standardized and is used  in this paper for 
determining the efforts and deformations in the structure of the analysed road. For the two 
variants of rehabilitation there are tables below that contain values obtained with 
CALDEROM program. 
           
a.) Estimated traffic ≤ 1 m.s.a. and the existing concrete slabs are milled. 
Table 1. Milled concrete version 
Num.   Layer  Thickness  
[ cm] 
E dinamic  
[MPa] 
 µ  Radial effort 
˃r 
 [MPa] 
 
ʵr 
[microdef] 
ʵv 
[microdef] 
1  BA16  4  4200  0.35       
2  BAD25  6  3600  0.35  0.767  0.164E+03  -0.238E+03 
3  Crushed stone 
    (0 ÷63) 
17  500  0.27       
4  Milled concrete  20  500  0.27       
5  Ballast  35  300  0.27  0.125E-02  0.997E+02  -0.106E+03 
6  Ground level    50  0.35       
Using the values from the table results: 
Nallowed= 24,5 × 10
8 × ʵr
-3.97=3,947;     RDO(FDR) = 
allowed
c
N
N
= 0.253 ≤  0,90 ( valoare admisă)                                
ʵv allowed= 600(Nc)
-0.2  = 600 microdef  ≥ 106 microdef 
Thus it results that the version where the existing concrete slabs are milled and a layer 
of 17 cm of crusehd stone and two layers of asphalt (of 6cm and 4cm) are added will 
successfully undertake the traffic loads, with remaining reserves of bearing capacity.   Fiabilitate si Durabilitate - Fiability & Durability    No 1/ 2012 
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b.) Estimated traffic ≤ 1 m.s.a. and the existing concrete slabs are hammered 
                                                                                         Table 2. Hammered slabs  
Num.   Layer  Thickness  
[ cm] 
E dinamic  
[MPa] 
 µ  Radial effort 
˃r 
 [MPa] 
 
ʵr 
[microdef] 
ʵv 
[microdef] 
1  BA16  4  4200  0.35       
2  BAD25  6  3600  0.35  0.685  0.152E+03  -0.228E+03 
3  Crushed stone 
    (0 ÷63) 
17  500  0.27       
4  Hammered 
concrete 
20  1200  0.25  0.121  0.858E+02  -0.920E+02 
5  Ballast  35  300  0.27  0.325E-01  0.889E+02  -0.947E+02 
6  Ground level    50  0.35       
Nallowed =24,5×10
8×( r  )
-3.97=5.336 m.o.s.   => RDO(FDR)  = 
allowed
c
N
N
=
336 , 5
1
=0.187 
˃r allowed = Rt(0,6-0,056 log(Nc))=0.21MPa > 0.121 Mpa 
ʵv allowed=600(Nc)
-0.28=600 microdef  > 94,7 microdef 
As shown the application of 17 cm of crushed stone (0 ÷ 63mm) and two layers of 
asphalt, 4 cm BA16 and 6 cm BAD25, cope with a traffic load less than 1.0 m.s.a.. This 
solution ensures durability and proper system behavior during  the proposed design period 
(even with some reserves). The solution can be applied successfully on county and communal 
roads where the traffic volume fo the next 10 or 15 years does not exceed 1 m.s.a.. 
For a traffic of more than 1 m.s.a. the road system is no longer able to sustain the 
loads coming from the traffic. The condition that doesn’t check is the fatigue degradation 
rate(FDR) due to the high deformation of the asphalt layers. Thus for a future traffic value of 
2 m.s.a. the following structure was proposed and the results checked the conditions. 
 
  Table 3. Milled concrete version 
Num.   Layer  Thickness  
[ cm] 
E dinamic  
[MPa] 
 µ  Radial effort 
˃r 
 [MPa] 
 
ʵr 
[microdef] 
ʵv 
[microdef] 
1  BA16  4  4200  0.35       
2  BAD25  5  3600  0.35       
3  AB2  7  5600  0.35  0.747  0.120E+03  -0.155E+03 
4  Crushed stone 
    (0 ÷63) 
17  500  0.27       
5  Milled concrete  20  500  0.27       
6  Ballast  35  300  0.27  0.279E-01  0.760E+02  -0.807E+02 
7  Ground level    50  0.35       
 
Nc=2 m.s.a. 
Nallowed=4.27×10
8×( r  )
-3.97=2,377 m.o.s.   => RDO (FDR)=
377 , 2
2
=0.841 
ʵv=80,7 microdef                       ʵv allowed=272, 846 microdef                                       ʵv allowed >  ʵv 
  For the hammered slab version: Nc=2 m.s.a.   Fiabilitate si Durabilitate - Fiability & Durability    No 1/ 2012 
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Nallowed=4.27×10
8×( ʵr)
-3.97=2,629 m.o.s.   => RDO(FDR) =0.761 < 0.9 (allowed) 
˃r allowed=Rt(0.6-0.056 log(Nc)) = 0.233 Mpa  
˃r      =0.091 MPa 
ʵv=79,1 microdef 
ʵv allowed=272, 846 microdef                                       ʵv allowed >  ʵv 
 
It is observed that the durability the road structure is ensured for the considered design 
period. When increasing the traffic to 3 m.s.a. and 4 m.s.a. respectively  the road structure no 
longer checks the conditions, therefore the thickness of the asphalt layers was increased. Thus 
the following road structures resulted: 
For 3 m.s.a.: 4 cm BA16, 5 cm BAD25, 9 cm AB2,17 cm crushed stone (0÷63), 20 cm 
hammered or milled concrete slab, 35 cm ballast. 
For 4 m.s.a.: 4 cm BA16, 5 cm BAD25, 10 cm AB2,17 cm crushed stone (0÷63), 20 cm 
hammered or milled concrete slab, 35 cm ballast. 
Over 4 m.s.a.: the asphalt layers  cannot be thickened beyond the values above, because they 
will lose their stabilty when the temperature rises so a different aproach is required in order to 
rehabilitate the road(recycling the cement concrete tile with the addition of material, etc.).  
 
3.  CONCLUSION 
 
Rehabilitation  of  concrete  road  structures  can  be  achieved  by  either  stress 
relief(hammering  the  tiles)  or  by  milling  the  concrete  slabs,  using  a  layer  of  granular 
material(anti cracking role) and two layers of asphalt: 6 cm BAD 25 and 4 cm BA16 for a 
future traffic value of less than 1, 0 (m.s.a.). 
If the future traffic is between 1.0 (m.s.a.) and 4.0 (m.s.a.) over the concrete slabs 
(whether milled or stress relieved) it is necessary to provide three asphalt layers whose total 
thickness reaches up to 19.0 cm over the 17 cm of stone. For more than 4.0 (m.s.a.) the two 
solutions  are  no  longer  applicable.  Using  geocomposite  over  the  concrete  slabs  was  not 
analyzed because geocomposite only contributes by delaying the cracks in the asphalt layers 
and doesn’t increase the bearing capacity. The study presented so far together with the one in 
paper  [1]  provides  premises  for  appropriate  behavior  and  greater  efficiency  in  the 
rehabilitation of these types of structures. The intervention that involves hammering the slabs 
including the cost study and execution time were successfully applied by the author for the 
rehabilitation of sectors of national and county roads and five years after the commissioning 
those sectors looks great given the increasing traffic and axle load on these sectors. 
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